Introduction
Ion-exchange membranes (IEMs) provide a charged surface that strongly adsorbs ions from the soil solution as they become available and flow across the membrane surface. They measure the cumulative fluxes of nutrient ions that were potentially available for plant or microbial uptake. In comparison, conventional methods only provide a measure of available nutrients at the time of sampling. However, the adsorption of ions to IEMs can be influenced by soil moisture and temperature (Qian & Schoenau 2002 , Pregitzer & King 2005 , Lisuzzo et al. 2008 , which could influence the measurements. We tested for this methodological bias by conducting a 32-d incubation experiment with measurements of the independent effects of soil moisture, soil temperature and soil drying-rewetting cycles on the concentrations of available elements evaluated using both IEMs and soil extracts.
Materials and methods
We conducted a factorial incubation experiment using moist (80% field capacity [fc], 28% water content) and dry (30% fc, 11% water content) sub-alpine soil incubated at 2 temperatures 12 ± 0.5°C and 25 ± 0.5°C for 32 d (n = 4). The temperatures and moistures were representative of a snow-free season in the Victorian Alps based on field measurements. The drying-rewetting cycles involved wetting to 80% fc for 5 d, drying to 30% fc for 5 d, repeated 3 times. Moist soil from the field was sieved (5 mm), mixed to homogeneity and 38.00 g of moist soil (equivalent to 24.89 g of oven-dry soil) was placed into each core (43.3 cm 3 , 3.7 cm internal diameter and 4.5 cm height, white polyvinyl chloride pipe with 200 µm nylon mesh fixed to the base). One cation-exchange membrane (CEM) and 1 anion-exchange membrane (AEM) was inserted into each core of soil (contact area = 8 cm 2 , 5 cm long and 2 cm wide with 1 cm protruding from the soil, membranes 1.5 cm apart). Four cores for each treatment contained no IEMs and were used for soil extract measurements. The soil was dried to 30% fc by placing the 4 replicate samples for each treatment in an aluminium foil tray over double-folded nylon mesh (2 mm) which was placed over 200 cm 3 of desiccating-crystals, then the whole assembly was enclosed in 2 plastic zippered bags. The desiccant was replaced twice daily for the first day, and then daily on subsequent days. The assembly was identical for the 80% fc treatment, except without desiccant. The cores were incubated according to their treatment in 2 separate incubators at 25ºC and 12ºC. Each core was weighed daily to maintain the target water content, and we either added distilled water to the surface, or removed desiccant. The temperature in the centre of each core was measured daily with a temperature probe (HI 7662 stainless steel probe and HI 8424 meter; Hanna Instruments, Melbourne).
Results
An IEM bias occurred when a result differed between IEM and soil extract. No IEM bias occurred for NH 4 + and NO 3 -; hence, the results from the field study probably represent the soil conditions in the field (Fig. S1 ). In contrast, there was an IEM bias for the availability of Ca 2+ , Mg 2+ and Mn 2+ with warming and drying, and for the availability of Mn 2+ with drying-rewetting cycles. Their availabilities were increased (IEM) and decreased (soil extract) by warming, and in contrast they were decreased (IEM) and increased (soil extract) by drying, and decreased by drying-rewetting (Fig. S1) 
